Patulin-induced cellular toxicity: a vital fluorescence study.
The mechanisms of patulin-induced cellular toxicity in an immortalized rat granulosa cell line were examined using several vital fluorescence bioassays. Monochlorobimane and 5-chloromethylfluorescein diacetate were used to monitor cellular glutathione (GSH) levels and revealed dose- and time-dependent depletion of GSH by patulin. A significant reduction in the fluorescence of the monochlorobimane-GSH conjugate by 0.1 microM patulin was observed between 1 and 2 hr. Similar GSH depletion by the mycotoxin was also observed in parallel studies on a liver (Clone 9) and a renal (LLC-PK1) cell line, although reduction of fluorescence occurred within 1 hr at the same dosage. Analysis of the electrical potential-dependent partitioning of rhodamine 123 into mitochondria also revealed significant effects of patulin within 1 hr at 0.1 microM. An initial dose-dependent reduction in mitochondrial fluorescence was followed by loss of selective partitioning of the fluorophore into mitochondria at higher doses and/or a longer exposure of cells to patulin. The reduction in mitochondrial fluorescence was paralleled by a dose-dependent decrease in intracellular pH detected with 2',7'-bis-(2-carboxyethyl)-5(6)-carboxyfluorescein. Analysis of [Ca2+]i with indo-1 and fluo-3 revealed a significant dose-dependent influx of Ca2+ at 10 microM and an alteration of the pattern of ionomycin-induced Ca2+ influx at 1.0 microM following patulin treatment. A carboxyfluorescein fluorescence photobleaching assay was used to examine the effects of patulin on gap junction-mediated intercellular communication. Dose-dependent reduction in intercellular communication was observed within 2 hr with 1.0 microM patulin. These observations indicate that the fluorescence assays used in this study provide a sensitive index of toxicity caused by exposure to patulin. Further, the toxic effects of patulin may involve direct effects on cellular glutathione levels and mitochondrial function in addition to direct effects on the plasma membrane.